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Climate & weather

» Weather Is the state of the atmosphere at a
particular time.

» The climate represents the synthesis of weather
conditions In a given area, characterized by the
statistics of the meteorological elements in that
area over a long-term (decades and more).
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Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Clouds
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Changes in the Cryosphere:
A Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers
Changes in/on the Land Surface:
Orography, Land Use, Vegetation, Ecosystems

Schematic view of the components of the climate
system, their processes and interactions. Source:

IPCC (2007): AR4
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Changes in the Ocean
Circulation, SeaLevel Biogeochemlstry
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Climate change definition

Climate change refers to a change in the state of the
climate that can be identified by changes in the mean
and/or the variability of its properties, and that

persists for an extended period, typically decades or
longer.

The UN Framework Convention on Climate
Change (UNFCCC) defines climate change as: a
change of climate which is attributed directly or
indirectly to human activity that alters the
composition of the global atmosphere and which
IS Iin addition to natural climate variability
observed over comparable time periods
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Observed Changes
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Temperature anomaly (°C) relative to 1961-1990
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Observed globally averaged combined land and ocean _

surface temperature anomaly 1850-2012
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4 |+ The temperature has
(" increased by 0.85°C over
| 1850 - 2012

« Warming of the climate
system is unequivocal
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Decadal average

In the Northern
Hemisphere,
1983-2012 was the

warmest since 1400

years.
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Observed change in surface temperature 1901-2012

Sudan :
~0.8to 1°C
over 1901-2012
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Global average temperature anomaly (°C)
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WMO Statement on the State of the Global Climate in 2017
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(a) Northern Hemisphere spring snow cover
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5 « The amounts of snow and
E 35 ice have diminished.
« Glaciers have continued to
% . , . : : shrink almost worldwide.
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Year
(b) Arctic summer sea ice extent
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Global average sea level change (mm)
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1901 to 2010, global
50 } 1l mean sea level rose
by about 0.19 m
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Year 24 some 2008 +3.32 mm/yr
Source: IPCC (2013) Reference GMSL - corrected for GIA
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1993-2004
Sea-level rise - ?;am)
2.7 mm/yr
Greenland
(0.3 mmiyr)
Amtarctica
Water vapour (0,29 mm/yr)
{~0.02 mm/yr)
Total land ice: 47%
2004-2015
Sea-level rise
3.5 mm/yr
Greenland
Water vapour (0.82 mmiyr)
— Land waters
(-0.03 mmlyr) Antarctica
{0.23'mmyr) {0.33 mmiyr)
Total land ice: 55%

Source: WMO Statement on the State of the Global Climate in 2017
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€ http://ccema.seos.uvic.ca/ETCCDMLindex.shtml - Windows Internet Explorer

N
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ETCCDI/CRD Cllmate Change Indices

L

o ST Overview
v The joint CCI/CLIVAR/JCOMM Expert Team (ET) on Climate Chan
5 P T T and Indices (ETCCDI) has a mandate to address the need for the of
Indices measurement and characterization of climate variability and chang
providing international coordination and helping organizing collaborg
Definition climate change detection and indices relevant to climate change d
e ————— and by encouraging the comparison of modeled data and observati
~ Calculation being addressed include the practical aspects of developing guidan
materials for NMHSs -- toolkits including software, documentation,
H°m°g’“9ny material to guide the calculation and use of climate change detecti
'Examples and climate data homogenization, improvement of global coverage
S — assessment of indices. The ET is also concemned with improving in
‘Software analysis tools.
Dﬂfﬂ The main purpose of this website is to provide:
‘Workshops
- » ET approved definitions and guidance on the calculations of
Home change indices, along with standard software packages
= Practical guidance on the homogenization of climate data
= Materials for use in ETCCDI training workshops
= Access to online resources of climate indices
n A place for the submission of new or updated indices data
Information on the terms of reference, recent news and activities of|
can be found here
Xuebin Zhang « ' Climate Research
Environment Canada ETCCDI

8. TX,, Monthly minimum value of daily maximum
temperature.

9. TN,,, Monthly minimum value of daily minimum
temperature.

10. TN10p, Percentage of days when TN < 10t
percentile

11. TX10p, Percentage of days when TX < 10"
percentile

12. TN90p, Percentage of days when TN > 90t
percentile

13. TX90p, Percentage of days when TX > 90t
percentile

14. WSDI, Warm spell duration index: Annual
count of days with at least 6 consecutive days
when TX > 90t percentile

15. CSDI, Cold spell duration index: Annual count
of days with at least 6 consecutive days when TN
< 10t percentile

16. DTR, Daily temperature range: Monthly mean
difference between TX and TN




8. TX,, Monthly minimum value of daily
maximum temperature.

9. TN,,, Monthly minimum value of daily
minimum temperature.

10. TN10p, Percentage of days when TN <
10t percentile

11. TX10p, Percentage of days when TX <
10t percentile

12. TN9Op, Percentage of days when TN >
90th percentile

13. TX90p, Percentage of days when TX >
90th percentile

14. WSDI, Warm spell duration index:
Annual count of days with at least 6
consecutive days when TX > 90" percentile

15. CSDI, Cold spell duration index: Annual
count of days with at least 6 consecutive
days when TN < 10t percentile

16. DTR, Daily temperature range: Monthly
mean difference between TX and TN

17. Rxlday, Monthly maximum 1-day precipitation

18. Rx5day, Monthly maximum consecutive 5-day
precipitation

19. SDII Simple pricipitation intensity index

20. R10mm Annual count of days when PRCP=
10mm

21. R20mm Annual count of days when PRCP=
20mm

22. Rnnmm Annual count of days when PRCP=
nnmm, nn is a user defined threshold

23 CDD. Maximum length of dry spell, maximum
number of consecutive days with RR < 1mm

24 CWD. Maximum length of wet spell, maximum
number of consecutive days with RR = 1mm

25. R95pTOT. Annual total PRCP when RR > 95p.
26. R99pTOT. Annual total PRCP when RR > 99p

27. PRCPTOT. Annual total precipitation in wet
days




Observed change in annual precnpltatlon over Iand

.....

1901- 201

Change in annual precipitation, mm/year/decade
[ I
SQIIECQ' |QCC £20:|2) -100 -50 -25 -10
- Precipitation in eastern Africa shows a high degree of temporal and spatial

variability (Rosell and Holmer, 2007; Hession and Moore, 2011).
- Over the last 3 decades rainfall has decreased over eastern Africa between March
and May/June (Williams and Funk (2011) and Funk et al. (2008).
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L Observed changes in extreme temperature events B
(a) Cold Nights (c) Warm Nights
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Trend (days per decade) Trend (days per decade)

(d) Warm Days
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Future changes of extreme precipitation events

Percentage pays with Pf>095 Fractiqn of»D_gys with Pr>10mm
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Temperature anomaly (°C)

Temperature anomaly (°C)
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Human influence on the climate system is clear,
anthropogenic
greenhouse gases are the highest in history

and recent
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Global averages

Land surface Land and ocean surface Ocean heat content
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= Observations B Models using only natural forcings
Models using both natural and anthropogenic forcings

Human influence has been detected in warming of the atmosphere and the
ocean, in changes in the global water cycle, in reductions in snow and ice, in
global mean sea level rise, and in changes in some climate extremes. This
evidence for human influence has grown since ARA4. It is extremely likely that
human influence has been the dominant cause of the observed warming since

the mid-20th century.
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Ouragan Sandy (30 oct. 2012)

$ 70 billion damage around New York: winds, rains and submersion

Vents (avec température mer réelle) Vents (température mer «xnormale »)
5 16850!\Piw§17weed ECW?NZ\OZS,QM'S? W\ 179"\.‘32,1 217 15 'olwmmvod h&?Ol)WS OMZO'*IQM 1oem.1m 2
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Tempeérature mer plus élevee: vents +3.6 m/s, pluies +35%
Niveau mer +19 cm

Magnusson et al 2013 WMR iDCC (Y ca
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Climate models

Horizontal Grid
(Latitude-Longitude) |~

Climate model is a numerical
representation of the climate

asss o
BB
AT A

Vertical Grid ] e system that reproduces, with
(Height or Pressure) |~ = ==ﬂ . )

-§=E% as much fidelity as currently

W ; §=§§ feasible, the complex

Physical Procasees InaModel, : LE;E‘“ ' interactions  between the

. """"“g" atmosphere, ocean, land
ATMOSPHERE , ¢ surface, snow and ice, the
L;) 43:%;- e . ?5 glo_bal ecosystem and a
m R ...-m; variety of chemical and
=78 Sl biological processes.

Schematic view of horizontal and vertical grids of a
climate model and of physical processes that it can

»
include. Source: NOAA IDCC Fy e
1{‘“ ¢ "tnx
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Climate models

Pattern correlation

Pattern correlation
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Evaluations of the capabillities
and limitations of models is a

part of their process
development
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CMIP2 CMIP3 CMIP5

Model capability in simulating annual mean
temperature and precipitation patterns. Source:
IPCC (2013):WGI-FAQ 9.1
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Régionalisation ‘_ Regional

Climate Models
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Model with Variable resolution
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Future Changes
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e Future changes of temperature
CMIP5 : 2081-2100
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Future changes of temperature

RCP4.5: 2016-2035
A Temperature - DJF

Source: GIEC ( AR5)
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Future changes of sea level rise

Global mean sea level rise
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o level will continue
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Year

2080 2100 to rise during the
21st century.
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I Annual mean hydrological cycle change (RCP8.5: 2081-2100)
Precipitation . vaporation

08 96 04 02 0 02 04 06 OB
Relative humidity
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Soil moisture
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Source: GIEC
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Future changes of precipitation

Preclpltation change RCP8. Preclpltation change RCP8.5 In 2081-2100: October-March Preclpltation change RCP8.5 In 2081-2100: October-March

o N

5 In 2081-2100: October-March

=

75%

00: April-September Predpltation change RCP8.5 In 2081-2100: Aprll-September Prediplitation change RCP8.5 In 2081-2100: Aprll-September

= [ [ T )

-50 -40 -30 -20 -10 O 10 20 30 40 50

Maps of precipitation changes in 2081-2100 with respect to 1986—2005 in the RCP8.5
scenario. For each point, the 25th, 50th and 75th percentiles of the distribution of the
CMIP5 ensemble are shown.
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Contrasts between wet and dry re

4°C world

2 °C world

1.5 °C world

Precipitation change (%)

No significant change

Significant change of unknown

sign or magnitude
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Changes in the water cycle
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over half of the land surface fora 3

ssfor half of the world’'s population in a 2
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Sedlacek and Knutti, 2014; Knutti et al, Nat. Geo., 2015



Future changes of extreme temperature events

Fraction of Warm Days Fraction of Cold Days
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HadEX2 — Minimum of TN (TNn) [deg C] CMIP5 — Minimum of TN (TNn) [deg C]
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HadEX2 - Maximum of TX (TXx) [deg C] CMIPS - Maximum of TX (TXx) [deg C]
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The 1981-2000 time mean of the annual minimum of TN (TNn, top panel) and maximum of TX (TXX,
bottom panel) for HadEX2 and the CMIP5 multimodel ensemble median.
Sillmann et al.(2013) : Climate extremes indices in CMIP5 i c C
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S =mire changes Prouaht 0 BE
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uture changes: Drought

Change in consecutive dry days (CDD)
2046 - 2065

— Dryness 4
N
06 04 02 0 02 04 06
Standard Deviation ' l Source:

GIEC (2012): SREX
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CMIPS - Very Wet Days (R95p) [mm]
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CMIP5 - Max. 5~day Precipitation (RXS5day) [mm]
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CMIP5 — Consecutive Dry Days (CDD) [days]

120W BOW
D |
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The 1981-2000 time means of the annual
R95p, RX5day and CDD for HadEX2 and the
CMIP5 multimodel ensemble median.
Sillmann et al.(2013) : Climate extremes
indices in CMIP5



Implications de 1.5 et 2° de réchauffement global

a Global hot extremies b Extreme precipitation € Mediterranean water availability d Coral reef degradation
' Glcbal South Asi2

100

"1

Probability mcreasa’
Reefs at rick (%)

.
Reduction (%)

Intensity increase (%)*
=)

154 50-
0
- Mults-millennial sea-jevel nse f Local yields tropical agnicultural areas
T~ 40 Maize Wheat Rice Soy
£ 10 )
b 2
g &
- 2
£ Impact indicator
reference period:
(*) Pre-industrial
(") 1986-2005

Figure 1| Projected impacts at 1.5 °C and 2 °C GMT increase above pre-industrial levels for a selection of indicators and regions. a, Increase in global
occurrence probability of pre-industrial 1-in-a-1000 day extreme temperature events”. b, Increase in extreme precipitation intensity (RXSDay) for the
global land area below 66° N/S and South Asiz®. ¢, Reduction in annual water availability in the Mediterranean®’. d, Share of global tropical coral reefs at
risk of lang-term degradation”. e, Global sea-level rise commitment for persistent warming of 1.5 °C and 2 °C over 2000 years*:. f, Changes in local crop
yields for present-day tropical agricultural areas™ (below 30° N/S, model dependent implementation of present day management®). Dashed boxes: no
increase in CO; fertilization (No CO.). Panels b, ¢ and f display median changes that are exceeded for over 50% of the respective land areas.

Schleussner et al (2016a, 2016b)
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North Africa

e e

West Africa

Qe
o)

Southern Africa :

Climatic factors
Symbol Rainfall Temperaturs

A

i I i
Average A Em.emtﬁ Dought = (eeees e up to 30% increasing trend 1-6°C increasing trend
emperature
temperature ° up to 10% Increasing trend 1-45°C incremiing trend
P A & e both Increasing and decreasing trends -
| | |
Average Extreme Sea-level e up to 10% decreasing trend -
rainfall rainfall rise
up to 30% decreasing trend -
» Northern areas. e
** Increasing trend projected for short rainy ° Inconsistent trend Incansistent trend
season only.

lightch nsistent trend
[MTERGOY =RMEENTAL FPANEL s . o
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Achievements: 2013/2014 Fifth Assessment Report

i ...

CLIMATE CHANGE 2014
AMBgathon of Gimare Dasge

Human influence on the climate system is clear

The more we disrupt our climate, the more we risk severe, pervasive and irreversible impacts

We have the means to limit climate change and build a more prosperous, sustainable future

IPCC )
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Thank you for your attention
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Antropogenic forcings are extremely likely the cause of warming

Contributions to observed surface temperature change over the period 1951-2010

e [ (e T e S S

OBSERVED WARMING

Greenhouse gases

| ' | Other anthropogenic forcings

Combined anthropogenic forcings ——|

F—+— Natural forcings

—1 Natural internal variability




Energy production remains the primary driver of GHG emissions

24%

3 5 0/ Agriculture,
0 forests and

Energy Sector other land uses

2010 GHG emissions



72% of our carbon budget compatible with a 2°C goal already used
and continued emissions at current levels will exhaust the budget
within the next 15-30 years

Amount
Remaining:

~ Total Carbon 225
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Influence humaine sur la composition atmospheériqu
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Les teneurs en CO,, CH, et N,O dans I'atmosphére ont atteint des niveaux
sans precedent depuis plus de 800,000 ans.
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Ouragan Sandy (30 oct. 2012)

$ 70 billion damage around New York: winds, rains and submersion

50°N

40°N

Forecast (with actual SST)
a) SST-Ano

30°N femet
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Magnusson et al 2013’ WMIR’
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Forecast (with “normal” SST)
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10 | w— RCTP 45 ; _ ' ‘/""
sm— RCP 8.5 ‘.,”'
o) | C— RCI:’ 6.0 / : -

0
1850 1900 1860 2000 2050 2100 2150 2200 2250

Evolution du bilan radiatif de la terre ou « forcage radiatif »
en W/m2 sur la période 1850-2250 selon les différents scénarios

Source: S. Planton (in http://education.meteofrance.fr)

RCP : Representative Concentartion Pathways

SRES : Special report on Emissions Scenarios IDCC 1) e
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Figure 1.13 | The development of
Mid-1970s  Mid-1980s  FAR SAR TAR AR4 AR5 climate models over the last 35 years
showing how the different

Atmosphere \ ‘ | components were coupled into
comprehensive climate models over

Land ;

o time. In each aspect (e.g., the
atmosphere, which comprises a

Ocean & i ;

Sua 1o wide range of atmospheric

processes) the complexity and
range of processes has increased
over time (illustrated by growing
cylinders). Note that during the same
time the horizontal and vertical
resolution has increased
considerably e.g., for spectral
models from T21L9 (roughly 500 km
horizontal resolution and 9 vertical
levels) in the 1970s to T95L95

Mid-1970s  Mid-1980s  FAR SAR TAR AR4  ARS (roughl_y 100 km horlz_ontal
R R R __hS—h—m———— resolution and 95 vertical levels) at
present, and that now ensembles
with at least three independent
experiments can be considered as
standard.
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